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ABSTRAC'l 

The experiment was conducted at the farm of Sher-e-Bangta .Agricultural University, Dltaka. 

Bangladesh during the period from March to May 2007 to (md out the eiièct of inoculation 

and fertilization on the growth and yield ofmunebean. The variety 13AR1 mung 5 was used as 

the test crop. The experiment consist Fourteen treatments. Data on difibrent yield coriirtbiuing 

characters and yield were recorded to study the (Fleet of inoculation and fertilization. At 50 

DAS, the tallest plant ($0.43 clii) was recorded From 114 and the shortest (43.35 cm) was 

recorded from Ti. The same trends were followed at 20 DAS, 3ODAS and 40 DAS. The 

maximum number of nodules per plant (22.60) was recorded from TI.: whereas the minimum 

(13.20) was recorded from 1,. Maximum total dry matter per plant was recorded horn '1'14  and 

where bio-fertilizer and chemical fertilizer used but closely followed by hio- fertilizer without 

urea. There was trend 10 increase crop growth rate with the advancement of days from 40-50 

DAS. There were no signileant difièrcnee between treatment 'l', and 1j3 where rhizobittm 

used in both treatments. Yield attributes such as branches plant', pods plant', length of pod 

and seeds pod' was recorded maximum fioni the treatments rhizohium with NPK or MP 

combination. But single application of urea or iSP or MP showed similar (rend with no 

fertilizer when lowest yield attributes were found. Seed weight also showed similar behavior. 

Seed yield showed maximum yield from bio-fertilizcr and NPK combination while, it was 

closely followed by bio-fertilizer with PK and NPK Ièrtihizer combination. Stover yield also 

followed similar pattern as in seed yield. From above discussion it is found that Urea could 

he substituted by rhizobiuni but P and K needs to be applied for higher seed yield. 
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Chapter 1 	a.. F 

INTRODUCTION 

Pulse crops occupy a unique position in agriculture belongs to grain legumes. Among the 

various pulse; lentil, rnunghean, blackgrarn, chickpea, grasspea and cowpea are very 

important. Pulse crop is an important food crops because it provides a cheap source of 

easily digestible dietary protein. According to FAQ (1999) a minimum intake of pulse by 

a human should be 80 g per head per day, whereas it is only 14.19 g in Bangladesh 

(BBS. 2005). 

Among the pulse crops. inungbean (Vigana radiaia L.) is one of the most important 

Pulse crops in Bangladesh with good digestibility, flavor, and high protein content. 

Mungbean grain contains 510/c carbohydrates. 26% protein, 10% moisture. 4% niineral 

and 3% vitamins (Khan. 1981; Kaul, 1982). [he green plants can also be used as animal 

feed and its residues can be used as green manure. Being a short duration crop it tits well 

into the existing cii pping system (Ahmed ci al.. 1978). 

Mungbcan is potentially usefbl legume crop which can improve the exisling cropping 

pattern. Munghean can also lix atmospheric nhlrogen through the symbiotic relationship 

between the host mungIean roots and soil bacteria which call improves soil fertility. It 

may play an important role to supplcnicnt protein in the cereal-based low-protein diet of 

the people of Bangladesh, but the acreage and production of munghcan is steadily 

declining (BBS, 2005). however, it is one of the least cared crops. Munghcan is 

cultivated with minimum land preparation and without fertilizer application even without 

insect. diseases or weed cont; l. All these lactors are resportsihle for low yield of 

mungbean. 



Cultivation of high yielding varieties of wheat and winter rice has occupied considerable 

land which is suitabic lbr mungbeaii cultivation. Beside these. low yield potentiality of 

the crop is responsible for declining the area and production. At present the area under 

pulse crops is 0.3$ million hectares with a production of 0.31 million tones where 

rnunghcan is cultivmcd in the area of 0.108 million hectares in Bangladesh (BBS. 2005) 

and the average yield is 0.81 t ha1  (BBS, 2007) which is very poor in comparison to 

mungbean growing countries in the world. There arc many reasons for low yield of 

mungbean in Bangladesh. The management of fertilizer is one of the important inputs 

that greatly affect the growth, development and yield of this crop. 

Pulses fix nitrogen from the atmosphere, there is evident that application of nitrogenous 

fertilizers lecomes helpful in increasing the yield (Patel ci at, 1984 and Ardeshana ci 

at, 1993). An adequate supply of nitrogen is essential for vegetative growth and 

desirable yield (Yoshizawa ci al., 1981). 

Phosphorus is another important essential macro element lbr the normal growth and 

development of plant. The phosphorus requirements vary depending upon the nutrient 

content of the soil (Rose and Son, 1986). Phosphorus restricted the plant growth and 

remains immature (1-lossain. 1990). So, phosphorus should be applied in the field for 

increasing tile [issue content without enhancing smooth biomass accumulation (Santos ci 

al., 2004). 

Potassium plays a remarkable role in plant physiological process. It is an essential 

constituent of different plani substances. Potassium deficiency causes yield reduction by 

limiting plant growth. it inlluences nutrient uptake by promoting root growth and 

nodulaciori. Mungbean is highly responsive to fertilizers and has a considerable response 

to potassium. 

I 



Now a day a number of organisms like Rhizobiu,n/I3radyr/izobiwn have been identified 

for use as biological agent for fixing atmosphere nitrogen by symbiosis process with 

legume crops and making it available to the plants. To reduce the production cost and to 

fullill the demand, more pulse production could be achieved through seed inoculation 

with Rhizobiun/I3radyr/izobiwn. Franco (1978) reported that Rhizabium/f?radyr/zzobium 

strains in association with the host plants Nvere able to fix approximately 201/'0 of the 

atmospheric nitrogen. In Bangladesh inoculation with Rhizobium increased 57% 

effective nodule. 77%  dry mailer production, 64% grain yield and 40% hay yield over 

unionculated control in niungbean (Chanda ci at., 1991). So, there is a large scope for 

utilizing the biological nitrogen fixing technology for obtaining more protein rich thod 

from mungbean and also to improve nitrogen status of the soils of the country by 

selecting efficient use of munghean inoculation. 

The thrmers of iiangladesh generally grow nmngbean with minimum tillage and without 

fertilizer. There is an ample scope of increasing the yield of niungbean per unit area with 

improved management practices and by using proper fertilization. The farmers of our 

country do not use fertilizer in pulse crop due to their poor socm-economie condition 

which results low yield but it has great impact to increase yield Adequate supply of' 

chemical fertilizer or hio-fertilizer is essential for normal growth and yield of a cr0]). 

Hence, the present experiment was taken to find out the response of nitrogen, 

phosphorus. potassitun and Rhizobium on the performance of munghean. 

3 



Considering the above circumstances, the present investigation has been undertaken with 

following objectives: 

To study the effect of biofertilizer and chemical fertilizer on the growth and 

yield of mungbean. 

To determine the response of nitrogen, phosphorus, potassium and Rhizohium 

for attaining maximum growth relation to yield of mungbean. 

To study the effect of Rhizobiurn inoculation and chemical fertilizer 

combination for maximum growth and yield of mungbean. 

r(: "I)tr 

El 



Cliaptcr 2 

REVIEW OF LITERATURE 

Mungbean is one of the important pulse crop in Bangladesh and as velI as many 

countries of the world. The crop has less concentration by the researchers on various 

aspects because normally it grows without less care or management practices. For that a 

very few studies on the growth, yield and development of rnungbean have been carried 

out in our country as well as many other countries of the world. •ihe research work so far 

done in I3angladcsh is not adequate and conclusive. Nevertheless, some ol' the important 

and inioniiative works and research findings related to the chemical and hioicrtilizcr has 

been conducted at home and abroad on this crop have been reviewed in this chapter 

2.1 Effect of chemical fertilizers on the growth and yield of munglican 

A study was conducted by Niganiananda and titamathi (2007) in IJuar Pradcsh, India 

during 2005-06 to evaluate the effect of N application time as basal and as DAP 

(diarnmonium phosphate) or urea spray and plant growth regulator (NAA at 40 ppm) on 

the yield and yield components of green gram cv. lC-85 I. The recommended rate of 

N:P:K (20:50:20 kg/ha) as basal was used as a control. Treatments included: 1/2 basal N 

+ foliar N as urea or DAP at 25 or 35 days after sowing (DAS); 1/2 basal N 1 1/4 at 25 

DAS -I' 1/4 at 35 DAS as urea or DAP; and 1/2 basal N + 1/2 foliar spraying as urea or 

DAP 40 ppin NAA. Results showed that 2% foliar spray as DAP and NAA, applied at 

35 DAS, resulted in the highest values For number of pods/plant (38.3), seeds/pod, test 

weight, flower number, fertility coefficient, grain yield (9.66 q/ha). 

Malik ci al. (2006) conducted a field experiments in Faisalabad. Pakistan in 2000 and 

2001 to evaluate the interaction effects of irrigation and phosphorus on greengrani (V. 

rcsdwuz cv. NM-54). Five phosphorus (loses (0, 20. 40. 60 and 80 kg P20 ha") were 
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alTanged in a split-plot design with four replications. Phosphorus application at 40 kg 

P205  ha affected the crop positively, while rates below and above this rate resulted in 

non-significant effects. Two irrigations and 40 kg P205 ha' were the most effective 

while rest of the combinations remained statistically non-significant to each oLlier. It ma 

be concluded that greengram can be successfully grown phosphorus at 40 kg P205  ha4. 

Tiekoo ci al. (2006) carried out an experiment mungbean cultivars Pusa 105 and Pusa 

Vishal were sown at 22.5 and 30 ni spacing and supplied with 36-46 and 58-46 kg NP/ha 

in a field experiment conducted in Delhi. India during the kharif season of 2000. Cultivar 

Pusa Vishal recorded higher biological and grain yield (3.66 and 1.63 t/ha, respectively) 

compared to cv. Pusa 105. NP rates had no significant effects on both the biological and 

grain yield oI"the crop. 

ljaz ci at (2005) conducted an experiment on the yield and yield components (pods per 

plant. seeds per pod and 1000-seed weight) of mungbean cv. NM-92 and showed that P 

at 90 kg/ha gave the highest seed yield, pods per plant, seeds per pod and seed weight 

Bhat ci cit (2005) conducted a study during the summer of 2004 in Uliar Pradesh, India, 

to examine the effects of phosphorus levels on greengrafli. Fotir phosphorus rates (0, 30, 

60 and 90 kg/ha) were used. All the phosphorus rates increased the seed yield 

significantly over the control. The highest seed yield was observed with 90 kg P/ha, 

which was at par with 60 kg P/ha, and both were significantly superior to 30 kg P/ha. 

Likewise, 60 kg P/ha significantly improved the yield attributes except test weight 

compared to the control. The stover yield followed similar trend observed in seed yield. 

A field experiment was conducted by Vikrant ci al. (2005) on a sandy loam soil in Flisar. 

Haryana, India, during khatif 2000-01 and 2001-02 to study the effects of P (0.20.40 



and 60 kg P205/ha) applications to greengram cv. Asks. Application oI'60 kg Pt  being at 

par with 40 kg P. was significantly superior to 0 and 20 kg Pihii in respect of grain. 

stover and prokin yields of green gram. 

Oad and J3uriro (2005) conducted a field experiment to determine the effect of different 

Nit levels (0-0-0. 10-20-20, 10-30-30, 10-30-40 and 10-40-40 kg/ha) on the growth and 

yield of mungbean cv. AIiM 96 in 1ando jam, Pakistan. during the spring season of 2004. 

The different NPK levels significantly affected the crop parameters. Fertilizer rate 10-30-

30 kg NPK/ha was the best treatment, recording plant height of 56.25, germination of 

90.50%, satisfactory plant population of 162, prolonged days taken to maturity of 55, 

long pods of 5.02 cm, seed weight per plant of 10.53 g, seed index of 3.52 g and the 

highest seed yield of 1205 kg/ha. There was no significant change in the crop parameters 

beyond this level. 

Edwin ci ci. (2005) conducted a field experiment on greengram during pre-khari[season. 

Results showed that the highest number of branches per plant (3.23) was obtained with 

30 kg Mussoorie rock phosphate (MRP) + 30 kg single superphosphate (SSP)/ha. SSl' at 

60 kg/ha gave the highest number of clusters per plant (4.36), pod length (7.34 cm), 

seeds per pod (10.46), 1000-seed weight (34.90 g) and seed yield (15.13 (1/ha). 

Maximum plant height (31.20 cm), dry matter per plant (36.13 gfplant) and number of 

pods per plant (17.43) was obtained with 60 kg DAP ha". 

Subhendu ci ci. (2005) carried out a field experiment on summer greengram cv. Piesa 

Jlaisakhi and revealed that increase in the levels of P from 0 to 60 kg ha' increased the 

yield, nutrient uptake, gross and net return. 

7 



[(han ci al. (2004) conducted a study on the yield components of mungbean cv. JVA'i-98 

and revealed that the increase in phosphorus levels decreased the days to flowering and 

increased the branches per plant, number of pods per plant, 1000-grain weight and grain 

yield. The highest yield of 1022 kg/ha was obtained at the phosphorus level of 100 kg/ha 

compared to a 774-kg/ha yield in the control. However, the most economical phosphorus 

level was 40 kg/ha, because it produced a grain yield statistically comparable to 100 kg 

P/ha. 

A field experiment was conducted by Manpreet ex al. (2004) in Ludhiana, Punjab, India, 

during summer 2000 to investigate the response of' munghean genotypes (SMI 134, 

SMI. 357 and SML 668) to P application (0, 20, 40 and 60 kg P205/ha) under irrigated 

conditions. Yield attributes such as number of branches per plant and pods per plant were 

significantly higher in SML 357 and SM[ 134, whereas pod length and 100-seed weight 

were higher in SML 668, which accounted for higher grain yield in this cultivar 

compared to SML 134 but was at par with SML 357. The straw yield showed the reverse 

trend with significantly higher value for SM!. 134, thus lowering the harvest index 

significantly compared to SMT. 668 and SML 357. P application showed a non-

significant effect on number of branches per plant, number of seeds per pod, pod length 

and 100-seed weight. However, the increase in P level showed significant increase in the 

number of pods per plant, which accounted for significantly higher grain and straw 

yields at higher levels (40 and 60 kg/ha) compared to lower levels (0 and 20 kg/ha). 

I larvest index remained unaffected with P application. The economic optimum P level 

for all the 3 summer niunghean genotypes was Ibund to be 46.1 kg P205/111. 

Nadeeni ci at (2004) studied the response of mungbean cv. NM-98 to seed inoculation 

and difièrent levels of fertilizer (0-0, 15-30, 30-60 and 45-90 kg N- P205  ha') under field 

8 



conditions. Application of fertilizer significantly increased the yield and the maximum 

seed yield was obtained when 30kg N ha1  was applied along with 60 kg P205  hi' 

Riaz et al. (2003) conducted an experiment on mungbean and were supplied with NPK at 

50:0:0 (F1 ). 50:100:0 (F2) and 50:100:50 kg/ha (1-'3) and revealed that no significant 

differences in the number of pods per plant, number of grains per plant, grain yield and 

straw yield were observed in plants under F2  and F3. F3 resulted in the highest grain yield 

value and costs, and lowest net field benefit. 

Mozumder ci al. (2005) conducted an experiment to study the effect of diffcrent nitrogen 

levels viz. 0, 20, 40, 60 and 80 kg N hit  on I3inarnoog-2 and they observed that increase 

olnirogen fertilizer increased seed yield tip to 40 kg N ha1  and that was 1607 kg ha 

Malik ci aT (2003) conducted an experiment to determine the effect of varying levels of 

nitrogen (0, 25. and 50 kg ha1) and phosphorus (0. 50, 75 and 100 kg ha') on (lie yield 

and quality of mungbean cv. NM-98 in 2001. They observed that number of flowers per 

plant was found to be significantly higher by 25kg N hi', Number of seeds per pod was 

significantly affected by varying levels of nitrogen and phosphorus. Growth and yield 

components were significantly affected by varying levels of nitrogen and phosphorus. A 

fertilizer combination of 25 kg N -F 75 kg ha'' resulted with maximum seed yield 

(1112.96 kg ha"). 

Rajender etal. (2003) investigated the cffccts of N (0. 10,20 and 30 kg P ha-I) and P 

20, 40 and 60 kg haj fertilizer rates on munghean genotypes MI-I 85-111 and '144. 

Grain yield increased with increasing N rates up to 20 kg ha'1 . Further increase in N did 

not affect yield. 

9 



Salish er at. (2003) conducted an experiment in l-taryana. India in 1999 and 2000 to 

investigate the response of mungbean cultivars Mba, MU 97-2. MI-I 85-I11 and K $51 

to different P levels (0, 20, 40 and 60 kg P205/ha). Results revealed that the highest dry 

matter content in the leaves, sterns and pods was obtained in Asha and MU 97-2. The 

total above-ground dry matter as well as the dry matter accumulation in leaves, stems 

and pods increased with increasing P leveL up to 60 kg P/ha. tvlFl 97-2 and .Asha 

produced significantly more number of pods and branches/plant compared to ME! 85-Ill 

and K 851. P at 40 and 60 kg/ha increased the number of pods/plant, grain yield and 

grains per pod over the control and P at 20 kWlia.  The number of branches per plant 

increased with increasing P rates. 

Yakadri ci aL (2002) studied the effect of nitrogen (20, 40 and 60 kg ha4 ) on crop 

growth and yield of greengram (cv. ML-267). Application of nitrogen at 20 kg ha4  

resulted in the significant increase in leaf area ratios indicating better partitioning of leaf 

dry matter. 

The effects of N (0. 10. 20 and 30 kg/ha) and P (0, 20, 40 and 60 kg/ha) on munghean 

cultivars MH 85-I11 and T44 were determined in a field experiment conducted by 

Rajcnder ci at (2002) in Flisar, liaryana, India during the summer of 1999-2000. The 

number of branches, number of pods per plant, number of seeds per pod, 100-seed 

weight and straw yield increased with increasing rates P, whereas grain yield increased 

with increasing rates of tip to 40 kg P/ha only. 

Mahboob and Asghar (2002) studied the elièet of seed inoculation at different nitrogen 

levels on munghean at the agronomic research station, Farooqabad in Pakistan. They 

revealed that various yield components like 1000 grain weight were affected 

signilicantly with 50-50-0 NPK kg ha1  application. Again they revealed that seed 

10 



inocuation +50-50-0 NI'K kg hif' exhibited superior performance in respect of seed 

yield (955 kg ha' 5. 

Srinivas c/ at (2002) conducted an experiment on the performance of mungbean at 

different levels of nitrogen and phosphorus. Differeni rates of N (0, 25 and 60 kg ha") 

and P (0, 25, 50 and 60 kg ha") were tested. They observed that the number of pods per 

plant was increased with the increasing rates of N up to 40 kg ha'1  followed by a 

decrease with further increase in N. They also observed that 1000-seed weight was 

increased with increasing rates of' N up 10 40 kg ha1  along with increasing rates of P 

was than followed by a decrease with further increase in N. 

Two field experiments were conducted in Kalubia Goverrtorate, Egypt, in 1999 and 2000 

summer seasons by El-Metwally and Ahrned (2001) to investigate the effects of P levels 

(0. IS. 30 and 45 kg/feddan) on the growth, yield and yield components as well as 

chemical composition of imingbean cv. Kawniy- I. Growth, yield and yield components 

of mungbean were markedly improved with the addition of 45 kg P/feddan. Addition of 

45 kg P/feddan markedly increased total carbohydrate and protein percentages compared 

with other treatments. Application of 45 kg P/Ieddan markedly increased the number of' 

pods per plant. Addition of 30 kg P/feddan was the recommended treatment to obtain the 

best results for growth, yield and yield components as well as chemical composition of 

mungbcan. 

A field experiment was carried out by Sharnia and Sharn',a (1999) during summer 

seasons at Golaghat, Assam, Tndia. Mungbean was grown using farmers practices (no 

krtilizer) or using a combinations of fertilizer application (30 kg N F  35 kg P205  ha''). 

Seed yield was 0.40 ton ha" with farmer's practices, while the highest yield was 

obtained by the fertilizer application (0.77 ton ha"). 



Mandal and Sikder (1999) conducted a greenhouse pot experiment on mungbean cv. 

BARI Mung-5 under different N rates (0, 20 and 30 kg haj. They noted that the seed 

yield increased (700. 800 and 900 kg ha') significantly with increased N application, 

respectively. 

iCarle and Pawar (1998) examined the effect of varying levels of N and P Jbrtilizers on 

summer mungbean. They reported that munghean produced higher seed yield in with the 

application of 15 kg N ha' and 40 kg P20 ha1  

Thakur ci al. (1996) conducted an experiment with greengram ( Vigna radiata) growli in 

kharif [monsoon] 1995 at Akola, Maharashtra, was given 0, 25, 50 or 75 kg P205/ha as 

single superphosphate or diamnionium phosphate. Seed and straw yields were not 

significantly aflècted by P source, and seed yield averaged 0.91, 1.00, 1.24 and 1.13 tlha 

at the 4 P rates, respectively. P uptake was also highest with 50 kg P203/ha. 

Kaneria and Patel (1995) conducted a field experiment on a Vartisol in Ciujarat. India 

with mungbean cv. K 581 using 0 or 20 kg N ha 1 . They found that application of 20 kg 

N hi increased the seed yield (1.14 ton ha1) when compared with that of control (1.08 

ton ha'). 

In a field experiment was conducted by Patio and Sahoo (1994) during the winter season 

oil 991 at I3crhampur, Orissa, niung beans cv. Dhauli and PDM 54 given 0, 15, 30. 45 or 

60 kg P205/ha gave seed yields of 706. 974, 1049. 1234 and 1254 kg/ha, respectively. 

Yield was not siunificantly different between cultivars. 

l3aehehhav ci at (1994) conducted a field experiment during the summer season with 

grccngram cv. Phule-M. They observed that seed yield increased with 30 kg N ha' 

among nitrogen fertilizers rates (0-45 kg N ha'). 
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Ardeshana et al. (1993) conducted a field experiment on clay soil during the rainy season 

of 1990 to study the response of mungbean to nitrogen. They observed that seed yield 

increased with application of nitrogen fertilizer up to 20 kg N ha' in combination with 

phosphorus fertilizer UI)  to 40kg P205  ha'. 

Singh ci al. (1993) examined the elfects of varying levels of N on mungbean cv. MH-85-

61. They Ibund that nitrogen application at the rate of 30 kg N resulted in the highest 

seed yield in mungbean. 

funk cial. (1992) Ibund that mungbean fertilized with 20 kg N along with to level of 40 

kg P205 ha' increased seed yield significantly over the unlertilized control. They also 

reported that mungbean ferlilized with 20 kg N 1•18 along with 75 kg P205  ha4  

significantly increased the number of pods per plant. 

Chawdhury and Rosario (1994) stttdied the effect of 0, 30. 60 or 90 kg N ha levels on 

the rate of growth and yield perionnance ofmungbcan at los lianos, Philippines in 1988. 

They observed that N above the rate of 30 kg N ha' reduced the dry matter yield. 

Leelavathi et at (1991) showed significant increase in seed yield of tmingbcan by N 60 

kg N ha'. While in another study Sarkar and Banik (1991) also reported that seed yield 

of mungbean increased significantly using 60kg N hi'. 

A field experiments was conducted by Sarkar and I3anik (1991) to study the effect of N 

and I' on yield of mungbean. Results showed that maximum seed yield was obtained 

with the combination of 20 kg N and 60 kg P205 

Suhanatik (1991) in a study observed that increased application of NPK fertilizers 

significantly increased the plant heighi of mungbean. 

"II 
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Bali ci all (1991) conducted a field trial one mungbean in kharif seasons on silty clay 

loam soil. They revealed that 1000 seed weight increased with 40 kg N hi' and 60 kg 

P205 ha 

Arya and Kalra (1988) reported that application oiN at the rate of 50 kg ha along wiih 

50 kg P ha increased mungbean yield. Results from field experiments conducted by 

Mahadlcar and Saraf (1988) during summer season of mungbean showed that the 

application of N with P and K at 20:25 kg ha4  gave higher seed yield. 

Haniid (1988) conducted a field experiment to investigate the effect of nitrogen and 

carbon on the growth and yield perk nuance of mungbean (Vigna radiate L. wilezek). 

Jie found that the plant height of mungbean cv. Mubarik was found to he increased 

nitrogen at 40 kg ha1. 

Results of an experiment, conducted by Sardana and Verma (1987) in Delhi, India. 

revealed that application of nitrogen, phosphorus and potassium fertilizers in 

combination resulted in significant increase in plant height of mungbean. They also 

stated that the application of nitrogen, phosphorus and potassium fertilizers in 

combination resulted in the signil leant increase in seed yield of mungbcan. They also 

stated that application of nitrogen, phosphorus and potassium lerti lizers cornbinedly 

resulted in signi (leant increases in thousand seed weight of mungbean. 

Salimullah ci al. (1987) reported that the number of pods per plant was highest with the 

application of 50 kg N ha'' along with 75 kg P205 ha and 60 kg 1(20 ha4  in summer 

mungbean. 

Patel and Parmer (1986) conducted an experiment of the response of greengram to 

varying levels of nitrogen and phosphorus. [hey observed that increasing N application 
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to rainfed mungbcan (cv. Ciujrat- I) front 0 to 50 kg N ha4  increased the number of pods 

per plant. 

In trials, on clay soils during the summer season Patel ci at (1984) observed the effect 

of N levels (0, 10,20 and 30 kg N hi') and that of the P (0, 10,20,40,60 and 80kg 

P205 ha') on the growth and seed yield of munghcan. It was li)und that application of 

30 kg N hi' along with 40 kg P205 hi' significantly increased the number of pods per 

plant. They observed that application of 40 kg P205  hi' along with 20 kg N hi' 

significantly increased the 1000-seed weight of rnunghean. 

in -in experiment, Yien ci at (1981) applied nitrogen and phosphorus fertilizers to 

murigbcan and reported that combined application of nitrogen and phosphorus fertilizers 

increased the number of pods per plant. The raW of nitrogen and phosphorus was 50 kg 

and 75 kg per hectare, respectively. Combined application of nitrogen and phosphorus 

significantly increased the dry weight of plants. Combination with 20 kg P hi' resulted 

in significant increase in the seed yield. 

2.2 Effect of Rhizohiwn on the growth and yield of innughean 

Mozumder c/ al. (2005) conducted -.in experiment on munghean to evaluate the response 

of summer mungbean cultivars Jiinamoog-2 and Kanti to Iiradyrhcohi un inoculation 

and N application. Results showed that the highest seed yield (1461 kg hi') were 

obtained in the treatment with 40 kg 	ha along with Bradyrhiw/iwn inoculation but 

straw yield (4702 kg hi') was maximum from 60 kg N hi' with lirac/yrhizobium 

inoculation. 

Dost ci al. (2004) conducted a field experiment on niungbean cv. NA1-92 and revealed 

that the maximum number of pods (17.0) were recorded at 80 kg 11205  hi' + Rhizobiuin 



inocultun and the mtmhcr of grains per pod increased only with an increase of P levels. 

The niaxinium grains per pod (10.9) were recorded at 80 kg P205 ha4  followed by 10.83 

at 65 kg P205 hat  and (lie highest grain yield (1018 kg ha4) from the combination of 65 

kg O ha4  and Rhizobium inoculum. 

Dual)' ci at (2004) conducted a study on greengram and showed that /?hizobi,an, 10 kg 

N hi1. 30 kg P hi', 30 kg K hi', 20 kg S ha4  produced the significantly highest seed 

yield. 

Rliattacharyya and Pal (2001) conducted a field experiment cii suninier grecngrain and 

showed that Rhizobium inoculation and application of P significantly influenced the 

number of nodules per plant, dry matter accumulation in the shoot, crop growth rate and 

plant height. Maximum growth was obtained in Rhizohiwn treatments combined with P 

at 40 kg ha1. 

Itaju and Verma (1984) carried out a field experiment during summer season of 1979 

and 1980 to study the response of munghean var. Pusa Baishaki to varying levels of 

nitrogen (15. 30, 45 and Ut) kg N hi') in the presence and absence of seed inoculation 

with Rhizobiun:. They Ibuncl that maximum dry matter weight per plant was obtained by 

the application of 60 kg N ha inoculated with Rhizobiwn. 

SMEar and Ahmed (1995) carried out a field experiment on mungbean inoculation with 

R/,izobiu,n inoculation and observed that Rhizobiuni inoculation increased plant height 

compared to control. 

Upadhyay ci a?. (1999) found that seed yield of mungheaii was higher when the seeds 

were inoculated with Rluzohiwn (2.02 vs. 1.87 t hi'). Provorov et al. (1998) stated that 
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seed inoculation of rnunghean increased the seed yield by 32.2% over wiinoculated 

control. 

Shukla and Dixit (1996) conducted a field experiment where Vigna radiota cv. Pusa 

Baishakln was seed inoculated with Rhizobiwn or not inoculated and given 0-60 kg P205  

haS '. They ihund that seed inoculation increased seed yield of the crop. 

Rahman (1993) reported that seed inoculation of Rhizobiwn to Vigna radiata cv. Kanti 

increased plant height. 

Chawdhury and Rosario (1994) stated that seed inoculated with Riuzobium increased the 

seed yield of munghcan. Jat and Rathore (1994) reported that inoculation of greengram 

seed with Rizizobium gave increased seed yield. 

Ardeshna ci al. (1993) noted that seeds of tnunghean inoculated with Rhizobiwn 

significantly increased the number olpods piant compared with uninoculated control. 

(1111 ci at. (1985) observed that inoculation of seed with Rizizobium significantly 

increased the number of pods plani1  of mungbean. 

IChurana and Poonam (1993) studied with Rhizobiurn strains (LMR 107. KM I. M 10. 

GMI3S 1 nnd MO 5) and Vjipia radiatci cv. ML 207 and P 516. Under held condition 

seed inoculation with Rhizohiutn strain increased the seed yield by 21.5% and 35.1% 

over uninocultated control in 1988 and 1989, respectively. 

'1 loque (1991) reported that the Rizizobium strain of Bangladesh Agricultural University, 

Myincnsingh, showed 20-60% increased in seed yield of munghean when inoculated 

seeds were sown. 
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Chapter 3 

MATERIALS AND MJLTIIODS 

The experiment was conducted at the Farni of Sher-e-Bangla Agricultural University, 

Dhaka, Bangladesh during the period from March to May 2007 to study the effect of 

inoculation and fertilization on the growth and yield of niungbean. The details materials 

& methods are presented below under the following headings - 

3.1 Experimental site 

The experiment was conducted at the Fami of Sher-e-Bangla Agricultural University, 

Sher-e-Bangla Nagar, Dhaka, Bangladesh. The experimental site is situated in 23074N 

latitude and 90°35E longitude (Anon., 1989). 

3.2 Soil 

The soil of the experimental area belongs to the Modhupur Tract ((JNDP, 1 988) shallow 

red brown terrace soil under AEZ No. 28. The selected experimental plot was medium 

high land and the soil series was Tejgaon (FAO, 1988). The characteristics of the soil 

under the experimental plot were analyzed in the Soil 1'esting Laboratory, SRDI, 

Khamarhari, Dhaka and presented in Appendix I. 

3.3 Climate 

The climate of experimental site was subtropical, characterized by three distinct seasons, 

the winter (rabi) season from mid October to mid March and the pre-monsoon (kharif-1) 

period or hot season from mid March to mid April and the monsoon period (kharif-ii) 

from mid May to mid October. (lidris et al.. 1979). Meteorological data related to the 

temperature, relative humidity and rainfall during the period of the experimental, site was 

collected from the Bangladesh Meteorological Department (Climate Division). Slier-c-

Bangla Nagar and presented in Appendix II. 
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3.4 Planting material 

The variety I3ARI inung-5 was used as the test crop. the seeds were collected from the 

Pulse Seed Division of Bangladesh Agricultural Research Institute, Joydevpur. Gazipur. 

13.ARI 111ung-5 is a recommended variety of mungbean, which was developed by the 

national seed hoard. it grows both in kharif and rabi season. ('rap duration ranges from 

60 to 65 days and seed yield ranges is 1.1-1.4 ton/ha. 

3.5 Land preparation 

The land was irrigated before ploughing. After having zoo condition the land was lust 

opened with the tractor drawn disc plough. Ploughed soil was then brought into desirable 

flue iilth by ploughing, harrowing and laddering. The stubble and weeds were removed. 

The first ploughiug and the final land preparation were done on 19 February 2007. 

Experimental land was divided into unit plots as per design of the experiment. 

3.6 Treatments of the experiment 

The treatments oithe experiment are as follows: 

T t : Control (No fertilizer and Rh/rob/urn) 

T,: Urea (45 kg ha") 

l: TSP ($0 kg ha") 

Ml' (55 ku ha4 ) 

T5: Urea (45 kg ha") 1 TSP (80 kg ha") 

16: TSP (80 kg ha") MI' (55 kg In'1) 

T7: Urea (45 kg ha") + TSP (80 kg ha")' Ml' (55 kg ha') 

is: J?Izi:obiurn inoculant (30 gin kg" seed) 

19: Rlzizobiwn (30 gin kg' seed) + Urea (45 kg ha'') 

T 0: Rh/rob/un, (30 gin kg4  seed) ± TSP (80 kg ha") 

T,,: Rh/rob/un, (30 gin kg" seed) + MV (55 kg ha") 

T17: Rh/rob/urn (30 gin kg" seed) ± Urea (45 kg ha1) + TSP (80 kg ha") 

Rhizobiun: (30 gin kg" seed) '4 'l'Sl' (80 kg ha') I MP (55 kg had) 

1J1: Rhizobiutu (30 gin kg"seed) 'I Urea (45 kg ki') + TSP (80 kg ha") + MV (55 kg ha") 
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3.7 Experimental design and layout 

The experiment was laid out in Randomized Complete Block Design (RCRD) with three 

replications. An area of 36.5 in x  12.0 rn was divided into three equal blocks. Each block 

was divided into 14 plots where 14 treatments were allotted at random. There were 42 

unit plots altogether in the experiment. The size of  the each unit plot was 3.0 in x  2.0 in. 

The distance maintained between two blocks and two plots were 1.5 in and 0.75 in 

respectively. 

3.8 Sowing of seeds in the field 

The seeds of mungbean were sown on 04 April, 2007. Seeds were treated with Bavistin 

before sowing the seeds to control the seed borne disease. The seeds were sown in solid 

rows in the furrows having a depth of2-3 em. Row to row distance was 30 cm. 

3.9 Intercultural operations 

3.9.1 Thinning 

Seeds were germinated by four days after sowing (DAS). Thinning was clone twice; first 

thinning was done at S DAS and second was done at 15 DAS to maintain proper plant 

population having 10 cm between plants in each row in each plot. 

3.9.2 Irrigation and weeding 

1hree irrigations were applied thrice. The crop field was weeded twice; first weeding 

was done at IS DAS and second at 30 DAS. 

3.9.3 Plant protection against insect and pest 

At early stage of growth, few worms (Agrotis ipsilon) and virus vectors (Jassicl) attacked 

the young plants and at later stage of growth, pod borer (Manwa ie.vtula/is) atlacked the 

plant. Marshal was sprayed at the rate of I litre lia* 
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3.10 Crop sampling and data collection 

Ten plants from each treatment plot were randomly sampled and marked with sample 

tag. The data of plant height, number of leaves per plant was recorded at an interval of 10 

(lays which was started from 20 DALS. Besides, number of nodules per plant, pod per 

plant, pod length, number of seeds per pod, 1000 seed weight and yield at the time of 

harvest was recorded. 

3.11 Harvest and post harvest operations 

harvesting was done when 90% of the pods became brown to black in color. The 

matured pods were collected by hand picking from a pre demarcated area of seven linear 

at the center of each plot. 

3.12 Data collection 

The Ibliowing data were recorded: 

I. Plant height (cm) 

 Number of leaves per plant 

 Total thy matter (g) 

 Crop Growth Rate (COR) 

V. Relative Gro1h Rate (RC)R) 

 Number of nodules per plant 

 Number of branches per plant 

 Number ol pods per plant 

 Pod length (Gin) 

X. Number of seeds per pod 

1000- seed weight (g) 

Seed yield (t ha') 

Stover yield (t ha4) 

Biological yield 

I larvest index 
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3.13 Procedure of data collection 

3.13.1 Plant height (cm) 

The heights of'plants were measured with a meter scale from the ground level to the top 

of the plants and the mean height was expressed in cm. Data were recorded as the 

average 0110 plants selected at random from the inner rows of each plot starting from 20 

DAS to 50 DAS at 10 days interval. 

3.13.2 Number of leaves per plant 

The leaves (trifoliate) were counted from selected plants. The average number of leaves 

per plant was determined. Data were recorded from average of 10 plants selected at 

random from the inner rows of each plot starting from 20 DAS to 50 DAS at 10 days 

interval. 

3.13.3 Number of nodules per plant 

ihe number of nodules in each plant was recorded from randomly selected plant at the 

time of flower initiation. Data were recorded as the average of 10 plants selected at 

random from the inner rows of each plot. 

3.13.4. Estimated growth parameter 

3.13.5 Total dry matter 

Ten plants were collected randomly, from each plot at 10 days interval starting from 20 

days after sowing (DAS). Plants including roots, stein, pods and leaves were oven dried 

at 70°C for 72 hours than transferred into desicator and allowed to cool down to the room 

temperature. Afterwards final weight was taken and converted into dry weight per plant. 
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Crop Growth Rate (CGR) 

Crop growth rate was calculated using the following formula- 

CGR -x 	gm 2 day' 
GA 	hi1  

Where, 

GA = Ground area (1112) 

= Total dry weight at time T1 (g) 

= Total dry weight at time T2  (g) 

= Initial time (day) 

12 = Final time (day) 

Relative Growth Rate (JtGR): 

Relative growth rate was calculated using the following formula 

L11\V2  - l..11\V1  
RGR= 	 gg'day' 

(T2-Ti) 

\Vhere, 

W1  = Total dry weight at time 'l'i (g) 

W2  = Total dry weight at time 12 (g) 

T = Initial time (day) 

Final time (day) 

L11  = Natural logarithm. 

3.13.6 Number of branches per plant 

Number of branches of selected plants from each plot was counted and the mean number 

was expressed as per plant basis. Data were recorded at the time of final harvest. 
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3.13.7 Number of pods per plant 

Number of total pods of selected plants from each plot. Data were recorded as the 

average of 10 plants selected at random from the inner rows of each plot. 

3.13.8 Pod length 

Pod length of selected plants was taken from each plot. Data were recorded as (lie 

average of 10 pods selected at random from the inner rows plant of each plot. 

3.13.9 Number of seeds per pods 

The number ol' seeds in each pod was also recorded from randomly selected pods at the 

' 	harvest. Data were recorded as the average of 10 plants selected at random from the inner 

- 	tows of each plot. 

3.13.10 Weight of 1000-sect! 
'-U 

One thousand cleaned dried seeds were counted randomly from each harvest sample and 

. 	weighed by using a digital electric balance and weight was expressed in gram (g). 

N 
3.13.11 Seed yield per hcetare 

The seeds cotlected from 2.1 rn 2  of each plot were stin dried properly. The weight of 

seeds was taken and converted the yield in t h&1. 

3.13.12 Stover yield per hectare 

The Stover collected from 2.1 m2  of each plot was sun dried properly. The weight of 

stray was taken and converted the yield in t ha* 
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3.13.13 Harvest index 

The harvest index was calculated by using the following fonmala 

Seed Yield 
Harvest Index (%) = ---------- 	-----------------x 100 

Biological Yield 

3.14 Statistical analysis 

The mean values of all the characters were calculated and analysis of variance was 

performing by the 'F' (variance ratio) test. The means were separated following 

Duncan's Multiple Range Test (DMRT) at 5% level of probability (Gomcz and Gomex, 

1984). 
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Chapter 4 

RESIJI4TS AND DISCUSSION 

The presenL study was conducted to determine the effect of inoculation and fertilization 

on the growth and yield of niungbean. Data on diffbrent yield contributing characters and 

yield were recorded to study the effect of inoculation and fertilization on the growth and 

yield components and yield ofmungbean. The analysis of variance (ANOVA) oldie data 

on difkrcnt yield components and yield are given in Appendix Ill-tX. The flndings have 

been presented and discussed, with proper interpretations under the lollowing headings. 

4.1 Plant height 

Plant height of niungbean vaned signilicantly due to the different treatments at 20, 30. 

40 and 50 DAS (Appendix III). At 20 DAS. the maximum plant height (36-81 cm) was 

recorded from 	(Rizizobium + Urea: 45 kg ha" + TSP: 80 kg ha" MP: 55 kg ha") 

which was statistically similar (33.92 cm, 32.35 cm, 31.12 cm) with T, (Rhizobiurn ± 

TSP: 80 kg ha" ± MP: 55 kg ha'5.  T12  (Rhizobium ± Urea: 45 kg ha1  + TSP: $0 kg ha") 

and 17 (Urea: 45 kg ha" - TSP: 80 kg ha" + MP: 55 kg ha"), respectively. On the other 

hand the minimum plant heigt (19.33 cm) was recorded from 'l' (control) which was 

closely followed (21.54 cm, 22.11 cm and 24.75 cm) by Ti  (TSP: 80 kg ha1), 'I'7  (Urea: 

45 kg,  ha') and '1'4  (MP: 55 kg ha''), respectively (fable I). At 30 DAS the maximum 

plant height (51.15 cm) was recorded from T14 which was statistically similar with T13  

(48.27 cm). 1'!? (47.17 cm). 'i to (45.24 cm), 1,, (44.70 cm) and '1'7  (43.82 cm). while the 

shortest plant (30.56 cm) was recorded from '1', which was closely followed by 12 (33.98 

cm) and 13 (35.98 cm). At 40 DAS. the maximum plant height (68.03 cm) was recorded 

from 114 which was statistically similar with T' (64.10 cm). 112 (59.85 cm), T1 , ( 59.44 

cm) and 1, (59.24 cm). The minimum plant height (34.28 cm) was recorded from 1, 

which was closely Ihitowed by lj (45.61 cm) and 1. (46.74 cm). 
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'fable 1. Effect of inoculation and fertilization on plant height of rnungbean 

Treatrents 	- Plant height (cm). 
20 DAS 30 DAS 

30.56 c 

40 DAS 

34.28 f 

46.74 (Ic 

45.61 c 

P SODAS 

19.33 g 

22.11 e-g 

43.35 c 

33.98 dc 49.93 de 

51.55 (Ic T3  21.54 fg 35.98 c-c 

14 24.75 d-g 40.06 b-d 49.46 c-c 57.03 ed 

28.31 b-d 42.67 bc 57.11 be 70.40 at, 

T6  26.59 c-f 43.04 bc 55.66 b-d 66.57 bc 

'1 31.12 a-c 43.82 a-c 58.18 bc 71.90ab 

Ts 26.49 c-f
J 

41.81be 55.96 b-d 69.11 a-c 

TW  

27.66 c-c 42.51 bc 57.20 bc 70.03 ab 

29.57 b-d 45.24 ab 
J 

59.24 a-c 70.48 ab 

70.89 ab 

67.58 a-c 

76.01 ab 

80.43 a 

3.918 - 

29.88 b-d 44.70 ab 59.44 a-c 

112 

113 

TM 

32.35 a-c 47.17 ab 59.85 a-c 

33.92 ab 

36.81 a 

48.27 ab 64.10 ab 

51.15 a 69.03 a 

1.835  2.431  3.025 
CV(% 11A0 	-- - 9.98 9.55 	 10.38  

In a column means having similar letter(s) are statistically similar at 0.05 level of probability by 

DN1 RU 

I,: Control (NC) fertilizer and Rhizobium) 
T: Urea (45 kg ha") 
T:,: TSP (80 kg ha') 
t: MP (55 kg ha") 
l: Urea (45 kg ha") I TSP (80 kg ha") 

16: TSP (80 kg ha'
: )NIP (55 kg ha") 

Urea ea (45 kg ha") I TSP (80 kg ha') I Ml' (55 kg ha") 

i: Rhizobum, (30gm kg"secd) inc,culamtt 

TQ: k/;izol'ium (30gm kg' seed) I  Urea (45 kg ha') 

T1): Rhizobium (30gm kg'sccd) + TSP (80 kg ha') 
Rhizohiun, 010gm kg"seed) NI P (55 kg ha") 

T1s Rhi:ohirwj (30gm kg"seed) Urea (45 kg ha") I  TSP (80 kg ha") 

Rhizohitwa (30gm kg"seed) TSP (80 kg ha") MP (55 kg ha") 

Ti:: Rhizohiutu (30gm kg"secd) - Urea (45 kg ha") + TSP (80 kg ha") + Nil' (55 kg ha") 
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At 50 DAS the tallest plant (80.43 cm) was recorded from T1 .1  which was statistically 

similar with T1 3 (76.01 cm), 'I' (71.90 cm), l' (70.89 cm), Tw (70.48 cm), T5  (70.40 

cm) and T9 (70.03 cm). In all the stages of the plant growth, treatment l'i produced lower 

plant height where fertilizer & inoculation was not used. 

Among the different combination, Rhizobium with recommendation dose of fertilizer 

was more effective for the vegetative growth of mungbcan as found maximum plant 

height. The trend was similar or followed by the combination of' R/iizuhiiun and only any 

type of NPK fertilizer or their combination. NPK fertilizer as recommended also 

effective for plant growth under the trial. On the other hand control gave the lowest plant 

growth with shortest plant. Different combination of NPK fertilizer followed this trend. 

This flndings was supported by Salimullah ci aL (1987). Patel ci aL (1984), 

Werakonphanit ci al. (1979), Dost ci ill. (2004), Duary at al. (2004), l3hattacharyya and 

Pal (2001), Shukla and Dixit (1996). Sattar and Ahmed (1995), Khurana and Poonam 

(1993). 

4.2 Number of leaves per plant 

Signiiicani variation was recorded for number of leaves per plant of mungbean by 

different treatments at 20, 30, 40 and 50 DAS (Appendix lv). At 20 DAS, the maximum 

number of leaves per plant (9.48) was recorded from 1' (Riuzobiuni I Urea: 45 kg ha" + 

TSP: 80 kg ha4  1- MP: 55 kg ha'1 ) which was statistically similar (8.69, 8.60 and 8.44) 

with 'l J) (Rhizobium ± TSP: 80 kg ha4 -I MP: 55 kg ha'), 17 (Urea: 45 kg ha't  + 'ISP: 80 

kg 11a'1 i MP: 55 kg ha") and 1- 1 2 (Riuzobium + Urea: 45 kg ha" -r TSP: 80 kg ha"). 

respectively. Again the minimum number of leaves per plant (4.78) was recorded from 

l'j (control) which was closely followed by 13, '2. 14 T6 &Tg respectively (Table 2). The 

maximum number of leaves per plant (16.35) was recorded from '11.1 which was 
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statistically similar with TJ  (15.82), T10  (15.48), •1 i (15.38). 112 (15.33) and 17 (15.09). 

On the other hand the minimum number ol leaves per plant (12.87) was recorded from 

(J which was closely followed by 13 (14.13) at 30 DAS. At 40 DAS, the maximum 

number of leaves per plant (21.56) was recorded from T1., which was statistically similar 

with 113 (20.51), T (20.00). T (19.92) and li  (19.74). While lower number of leaves 

per plant was recorded from T. At 50 DAS the maximum number of leaves per plant 

(25.95) was recorded from Ip  which was statistically similar with ii  (24.84). Ig 

(24.51) and ly (24.40), while significantly lowest number of leaves per plant (19.67) was 

recorded from I Without fertilizer & rhizohium showed the lowest number of leaves 

per plant in all the growth stages. 

Among the different combination, Rhizobiwn with recommended doses of fertilizer was 

more effective for the vegetative growth of mungbean as a result maximum number of 

leaves per plant was observed.This trend was similar or followed by the combination of 

Rhizobium and NPK fertilizer. NPK fertilizers, as recommended dose was also equally 

effective for plant growth and development under the trial. On the other hand control 

treatment gave the lowest growth of plant. Different combination of NPK fertilizer 

followed this trend. Sole application of NPK fertilizer was equally effective as in 

Rhizobiwn. This findings was supported by Sardana and Vernta (1987), Salimullah ci at 

(1987), Patcl ci at (1992), Werakonphanit et at (1979), Dost ci' al. (2004), Vikrant 

(2005), Raman and Venkataramarta (2006), Malik cx al. (2006). Niganmnanda and 

Elamathi (2007), Nadeem ci at (2004). Rajender ci cii. (2003), Bhattacliaryya and Pal 

(2001), Sattar and Ahined (1995), Khurana and Poonam (1993), Oad and l3uriro (2005). 



'l'ahle 2. Effect of inoculation and fertilization on number of leaves per plant of 
munglican 

Treatments Number of leaves per plan'. 
20)--- - 

4.78 IF 

30DAS 40DAS 150DAS 

12.87 ci 16.11 d 19.67 g 

12 5.70 d-f 14.70 be 19.14 be 22.70 de 

4.95 ef 14.13 cci 	18.21 c 21.18f 

Ti 5.83 d-f 14.40 be 18.50 c 21.7$ ef 

7.45 a-d 

6.37 c-f 

14.70 he 

14.80 a-c 

15.09 a-c 

19.66 be 24.14 b-d 

To 19.29 be 22.87 c-c 

T7  8.60 a-c 19.92 a-c 24.40 a-c 

6.71 b-f 14.41 be 19.48 be 23.52 b-d 

T9  7.05 h-c 14.61 be 19.58 he 24.51 a-c 

T 

7.48 a-d 

7.70 a-d 

8.44 a-c 

15.48 a-c 20.00 a-c 

19.74 a-c 

23.73 b-d 

23.48 b-d 15.38 a-c 

15.33 a-c 11 19.56 be 23.29 b-c 

8.69 ab 15.82 ab 20.51 ab 

21.56 a 

0.576 

24.84 ab 

25.95 a 1 9.48 a 16.35 a 

0.477 0,496 
CV(%) 6.57 5.56  5.15 5.69 

In a column means having similar teLLer(s) are statisUcally similar at 0.05 level of probability by 

DMR1' 

Control (No fertilizer and Rh!:ohiuna) 
T-,: Urea (45 kg ha") 
l'"TSP (80 kg ha") 

MI' (55 kg ha") 
Urea (45 kg ha") I TSP (80 kg ha") 

Tb: TSP (80 kg ha' ); MI' (55 kg ha'') 
T7: Urea (45 kg ha") I TSP (80 kg ha") + Ml' (55 kg ha") 

T: Rlzizobium (30gm kg"seed) inoculant 

19. !?hizobiwn (30gm kg"seed) Urea (45 kg ha") 

'F3: Rhi;obium (30gm kg"seed) + TSP (80 kg ha") 

l's ,: /?hizobium (30gm kg"seed) + Ml' (55 kg ha") 

132: Rhizohhun (30gm kg"seed) I Urea (45 kg ha") + TSP (80 kg ha") 

'l',: Rhizobiurn (30gm kg"seed) I TSP (80 kg ha") + Ml' (55 kg ha") 

1',: Rhizobiwn (30gm kg"sced) + Urea (45 kg ha") + TSP (80 kg ha")' MP (55 kg ha") 
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4.3 Nodules per plant 

Number of nodules per plant of mttngbcan varied significantly due to the different 

treatments (Appendix V). The maximum number of nodule per plant (22.60) was 

recorded from T14  (Rhizohium (30gm kg4seed) + Urea: 45 kg ha' + TSP: 80 kg ha' - I 

MP: 55 kg ha4) which was similar with lj (RI,izohium (30gm kg4secd) + TSP: 80 kg 

ha4  + MP: 55 kg h&'), T9  (Rlzizohiwn (30gm kg'seed) + Urea: 45 kg haS ') and T7  (Urea: 

45 kg hi' + TSP: 80 kg ha4  I MB: 55 kg ha4 ), respeciivcly. 1.owest number of nodules 

per plant (13.20) was recorded from control treatment (Fig- 1). 

Among the different combination Rluzobium with recommendation doses of fertilizer 

was more effective for the development of nodule of munghean. This trend was similar 

or followed by the combination of Rhizobium with NPK fertilizer or their combination. 

Different combination of NPK fertilizer followed this trend. Sole application of NPK 

fertilizer was more efkclive than the individual one with Rhizobium. This findings was 

supported by Salimullah cx at(1987), Patel ez' at (3992), Werakonphanit ci al. (1979), 

Dost ci al. (2004), Malik ci al. (2006), Rajender ci al. (2003), Bhattacharyya and Pal 

(2001). Saltar and Aluned (1995). Khurana and Poonani (1993). 

4.4 Total thy matter per plant 

Total dry matter per plant of munghcan differs signhfieanLly due to the different 

treatments at 20, 30. 40 and 50 DAS (Appendix V). At 20 DAS. the maximum total dry 

matter per plant (21.06 g) was recorded from treatment T1.1  (Rhizobiwn 1  Urea: 45 kgha 

'+ TSP: 80 kg hit + NIP: 55 kg ha4) which was similar (20.51 g) with 
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Ti." 
(Ithizobium TSP: 80 kg ha t i Ml': 55 kg hal') and the lowest total dry matter per 

plant (14.18 g) was recorded from 1, (control) which was significantly different from 

other treatment combination. The highest total dry matter per plant (96.0] g) was 

recorded from T14  which was statistically similar with T13 (94.14 g), l'i, (86.04 g) and 

i2 (84.16 g). while the lowest total dry matter per plant (62.36 g) was recorded from l', 

which was statistically similar with T2  (67.49 g) and T3 (67.84 g) at 30 DAS. At 40 DAS, 

the highest total dry matter per plant (207.66 g) was recorded from 14 which was 

statistically similar with Tj (195.65 g) and i'12 (181.93 g). Again, the lowest total dry 

matter per plant (124.61 g) was recorded from T1. The highest total (Iry matter per plant 

(330.07 g) was recorded from T which was statistically similar with 1*13  (316.41 g). T12 

(297.52 g), T (289.10 g). On the other hand the lowest total dry matter per plant 

(217.78 g)  was recorded from T, at 50 DAS. There was found to increase total dry matter 

withì the advancement of days. There was no significant difference between treatment Tu 

&T14  where hio-fertilizer with TSP & MP and hio-fertilizer with urea, 15p  &MP 

respectively. There was trend increase total dry matter with the advancement of days. 

There was no signiFicant difference between treatment !'14 and T13  where hio-fcrtilizcr 

with 151' & MP hio-fertilizer with urea, TSP &MP respectively 

Among the different combination, Rhizobium with recommended doses ol lértilizer was 

more effective for the vegetative growth of mungbcan which resulted highest total dry 

matter per plant. This trend was similar or followed by the combination of R/iizobiwn 

qth NPK fertilizer or their combination. Recommended NJ'K fertilizers dose also 

effective for total dry matter per plant. On the other hand control treatment showed the 

minimum plant growth as a result lowest total dry matter per plant. Sole application of 

NPK fertilizer was effective than the individual one with R/iizobium. This findings was 

supported by Werakonphanit ci izL (1979). DosL et al. (2004). Duary et al. (2004), 

13hattacharvva and Pal (2001), Khurana and Poonam (1993). 
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Table 3. Effect of inoculation and fertilization on total dry matter per plant of 
niungl)eau 

Treatments  - Total dry rnatter;er plant (g) at  
200AS 130DAS 140DAS J50DAS 

14.18 g 62.36 d 124.61g 217.78 c 

245.34 c-c T2 18.51 c 67.49 cd 143.80 cl-f 

13 16.02 f 

16.79 f 

67.84 cd 143.06 ci 242.62 de 

It 

rs 

lo 

73.14 b-d 155.65 c-i 257.90 h-c 

248.62 c-c 19.61 b-cl 69.65 b-d 148.73 d-f 

18.32 e 72.92 b-d 157.92 c-c 258.75 h-c 

T7 19.87 bc 73.43 b-d 153.92 c-f 260.71 b-c 

Ts 18.96 c-c 68.87cd 

66.65 d 

144.60d-f 239.81 de 

1 9 19.98 be 147.67 di' 245.34 c-c 

289.10 a-c 

264.90 b-d 

297.52 ab 

T10 19.08 c-c 86.04 at, 175.48 b-d 

19.08 c-c 76.46 b-d 162.34 c-c 

181.93 a-c '12 18.64 de $4.16 a-c 

T13 j20.51 ab 

21.06 a 

94.14 a 

96.01 a 

195.65 ab 

207.66 a 

316.44 a 

330.07 a 

CV(%) 
0.321 
2S8 

5.120 
Jl.7272 

9.577 
 1.35 

13.468 
8.79 

In a column means having similar letter(s) are statistically sititilar at 0.05 level or probability 

I: Control (No ferlilizer and R/nzobiuni) 

i: Urea (45 kg haS') 
l: TSP (80 kg had) 
1 4. NIP (55 kg hf') 
15: Urea (45 kg haS') TSP (SO kg hai 
.11 1SF' (80 kg haS') t MI' (55 kg had) 

1, tirca(45 kg ha') + TSP (80 kg ln) + MI' (55 kg haS') 
I: Rhizohiwn inoculant 

19: W,izobium ~ Urea (45 kg ha') 
T1 ,: RIn:obnnn +{SI' (80 kg liii') 
T11: Rhi:obiwn 1 NIP (55 kg haS') 

1)2: Rh/zoO/nut Urea (45 kg Iia') •f$) (80 kg hi') 

T,: Rhi:obinnz I TSP (80 kg hi) + Ml' (55 kg hi) 

T14: Rhizohiwn I Urea (45 kg hi') I TSP (80 kg hi') + MP (55 kg hi') 
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4.5 Crop growth rate 

Ct-op growth rate (CGR) of munghcan varied significantly due to the different treatments 

at 20-30, 30-40 and 40-50 DAS (Appendix VI). At 20-30 DAS, the highest CGR (7.49 g 

nf2 day') was recorded from T14 (Rhizohiwn + Urea: 45 kgha -F TSP: 80 kg ha t  -r Ml': 

55 kg ha') which was statistically similar (7.36 g ni2  day1) with T 3  (kiuzohiurn ± TSP: 

80 kg ha' ± MP: 55 kg ha'). while (he lowest CGR (4.82 g nf 2 dayj was recorded from 

T (control) which was closely followed (4.90 g nf 2  day') by •1'2  (Urea: 45 kg hi 1 ) 

(Table 4). At 30-40 DAS. the highest CGR (11.17 g rn 2  dat') was recorded from 1 4  

(Rhizobiutn + Urea: 45 kg ha' + TSP: 80 kg ha' I NIP: 55 kg ha1) which was 

statistically similar (10.15 g nf 2  da) with T13  (Rhizobium - I-  TSP: 80 kg ha' NIP: 55 

kg hi1 ), while the lowest CGR (6.23 g rn 2  da/') was recorded from T, (control) which 

was closely followed (7.52 g m day1  and 7.63 g m2  dat') by TI3  (TSP: 80 kg hi') and 

1 (Urea: 45 kg ltaj. respectively. At 40-50 DAS, the highest CGR (1224 g n1 2  day1 ) 

was recorded from T, (Rhizohium + Urea: 45 kg hi' 1 TSP: 80 kg ha'-IMP: 55 kg ha') 

which was statistically similar (12.08 g ,i2 dat) with 113 (Rhizobiwn' TSP:80 kg ha1  I 

NIP: 55 kg hi'), while the lowest CGR (9.32 g m 2  day4) was recorded li-cm Ti (control) 

which was closely followed (9.96 g nf2  day1) by 1 3  (TSP: 80 kg hi'). 
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i'able 4. Effect of inoculation and fertilization on crop growth rate of rnungbean 

freatrnents Crop 
20-30 DAS 30-40 DAS 	-- J0-50 J?A8 

9.32 d 

10.15 b-d 

9.96 b-d 

10.23 b-d 

T1  

T2  

4.82(1 6.23 e 

4.90 cd 7.63 do 

5.18 b-d 7.52 do 

Ti 5.63 b-d 8.25 cd 

5.00 ed 7.91 do 9.99 b-d 

5.46 b-d 8.50 b-d 10.08 b-d 

T7  5.36 b-d 8.05 cd 10.68 a-d 

T8  4.99 cd 7.57 do 9.52 cd 

4.67 d 8.10 cd 9.77 b-d 

T10  6.70 ab 8.94 b-d 11.36 a-c 

10.26 b-d 5.74 b-d 8.59 b-d 

6.55 a-c 9.78 a-c 11.56 ab 

12.08 a T 13 7.36 a 10.15 ab 

1111.1 

___ 

7.49 a 

0O4  

11.17 a 

0.531 	_____J 
10.88 ________-- 

12.24 a 

1.612 ______ 
9.14  CV(%) 15.30 	______ 

In a column means having similar letter(s) are statistically similar at 0.05 level of probability by 

D%1 RI 

1,: Conlrol (No fertilizer and /?/zizobium) 

'2• Urea (45 kg ha") 

1 3. TSP (80 kg ha") 
Ml' (55 kg ha") 

l: Urea (45 ke ha") 1  TSP (80 kg hi') 

l: TSP (SO kg ha") I Ml' (55 kg hi') 
Urea (45 kg ha")! 1S1' (80 kg ha") I MP (55 kg hi') 

T: Rhhobium (30 gal kg" seed) inoculant 

19: Rhizobium (30gm kg' seed) i Urea (45 kg ha") 

1,,: Rhizohizim (30gm kg' seed) I 1'SF' (80 kg ha') 

Ii:: Ri,&ohium (30 gin kg" seed)' MI' (55 kg ha") 

TI ?: Rhizobium (30 gin kg" seed) 4  Urea (45 kg ha") 

T,1: Rhizobiuni (30 gin kg" seed) + 5) (80 kg ha') 

T14: Rlziwbiun: (30 gin kg" seed) + Urea (45 kg hi) 

TSP (80 kg haT
) ) 

MI' (55 kg ha") 
TSP (80 kg ha") A. MP (55 kg ha") 
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4.6 Relative growth rate 

Relative growth rate (RGR) of mungbcan varied significantly due to the different 

treatments at 20-30 DAS but at 30-40 and 40-50 DAS did not varied significantly 

(Appendix VII). At 20-30 DAS, all the treatments showed almost similar RGR except 

treatment T2, T5, T7, Tg & Tg respectively. It is interesting to note that control treatment 

showed similar to maximum RGR. Almost similar trend was followed at 30-40 and 40-

50DAS in case of RGR. 
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Table 5. Effect of inoculation and fertilization on relative growili rate of rnungbean 

Treatments J 	 Relative gro4h rate (g g 	day') 
20-30DAS 30-40 DAS  40-50D.AS 

0.148 ab 0.069 

0.076 

0.074 

0.056 

0.053 

0.053 

T7  0.128 ed 

T 0.1 44 a-c 

0.146 a-c 0.076 0.051 

0.051 0.127 ed 0.076 

0.138 a-d 0.077 0.049 

T7  0.130 b-cl 	- 0.074 0.053 

11.8 - 0.128 cd - 0.075 --  0.051 

TO 

T10  

0.120 d 0.080 0.051 

0.151 a 0.071 0.050 

0.139 a-d 0.075 0.049 

0.149th' 0.078 0.050 

0.048 

0.046 

0.002 

T13  0.1523 0.073 

- 

0.152 a 

0.007 
8.39  

0.077 

0.003 	-- 	- 
CV(%) 6.74 7.58 

in a colurim gilealls having similar letter(s) arc statistically similar at 0.05 lcvc} of probability by 

DMTR 

1:: Coruro! (No feililiier and !?I,izobiwn) 

T: Urea (45 kg ha') 
T,: ISI' (80 kg hafl) 

4. Ml' (55 kg ha") 
1: 	 F TSP (80 kg Urea (45 kg ha") ' 	 lia') 
1,: iSP (80 kg ha') I NIP (55 kg haS ') 
T7: Urea (45 kg ha") i TSP (80 kg ha") I MI' (55 kg ha") 

T: Rhizohiurn (30 gni kg" seed) inoculant 
t,: Rhizobiurn (30gm kg" seed) ± Urea (45 kg ha") 

T1  Rhizobium (30 gin kg" seed) TSP (80 kg ha") 

T11: Rluwbium (30gm kg" seed) MP (55 kg ha") 
T,: Rlzizobium (30gm kg" seed) Urea (45 kg ha") -I TSP (80 kg ha") 

Rhi:ob,um (30gm kg" seed)" TSP (80 kg ha") t MP (55 kg ha") 

T,,,: Rhizabium (30gm kg" seed) + Urea (45 kg ha") I 'ISP (80 kg ha") + MI' (55 kg ha") 
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4.7 Number of branches per plant 

Significant variation was observed in temis of number of branches per plant clue to the 

different treatments (Appendix VIII). The maximum number of branches per plant (8.48) 

was recorded from '14  (J?Iüzohium + Urea: 45 kg ha1 'f  TSP: 80 kg ha" I MP: 55 kg ha' 

') which was statistically similar (8.21, 8.02, 7.68 and 7.63) with T13  (Rhizohiwn i TSP: 

80 kg ha" i MP: 55 kg ha1). f11  (Rhizobium + TSP: 80 kg ha") T (Urea: 45 kg ha'1  

TSP: 80 kg ha'') and Tq (Rhizobiurn + Urea: 45 kg ha"). respectively. The minimum 

number of branches per plant (4.26) was recorded from T, (control) which was 

significantly different from oilier treatments (Table 6). 

Among the different combination Rhizobium with recommendation doses of fertilizer 

was more effective for the vegetative growth of niungbean, specially number of branches 

per plant. 'lius trend was similar or followed by the combination of Rhizobizun and only 

any type of N1'K fertilizer or their combination. Combination NPK fertilizer was more 

effective than the individual one with Rhizobium. This findings was supported by 

Salimullah ci' a!, (1987), Patel ci at (1984), Dost el al. (2004). Duary ci at. (2004), 

IIhauacharyya and Pal (2001), Shukla and Dixit (1996). Khut'ana and Poonarn (1993), 

Sattar and Ahmcd (1995). 
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fable 6. Effect of inoculation and fertilization on yield contributing characters of 
rnungbcan 

'Treatments I3ranches per 
plapt(No.) __,jcm,_________ 

4.26 e 

Pod Icugifi 	-- Seeds per pod 
(No.) 

1000 seed 
wcightç) 

17.79de 

19.37 c-c 

4.36c 

5.15 be 

5.87 e 

7.07 cd 12 6.87 ed 

6.89 cd 4.69 c 6.67 de 16.80 c 

6.39 ci 4.87 c 6.73 d 

8.00 ab 

7.07 c-cl 

19.35 c-c 

21.79 b-d 

20.37 c-c 

11, 
7.68 a-c 5.82 be 

5.05 c to 7.17 b-d 

1 7  7.17 b-d 6.37 a-c 8.13 a-b 23.75 a-c 

7.17 b-d 5.39 1)-c 7.67 a-c 20.20 c-c 

21.42 b-d 19  7.63 a-d 5.71 b-c 8.07 ab 

8.02 a-c 

7.14 b-d 

6.49 a-c 7.67 a-c 22.56 be 

T31  6.12 be 7.33 b-d 23.16 be 

T12  6.81 cd 

8.21 a]) 

8.48 it 

5.70 be 7.53 b-d 24.86 ah 

25.62 ab 

27.82 it 

- 
L±ii 	- - 

1
113 7.74 at) 

8.71 it 

0776 
90 	IM 

8.20 ab 

8.53 a 

0280 	- 	11339 

T 

-- Sx 
C.V(%) 	4948 

0391 

In a column means having similar letter(s) are StatisLicallv similar 31 0.05 level of prohahiliLy by 
L)MRT 

T,: Control (No ferulizer and R/nzo/nwn) 
1?. Urea (45 kg ha") 
13. '[SI' (80 kg ha") 
'l: MI' (55 kg ha") 
I'5: Urea (45 kg ha") 1 TSP (80 kg ha") 
fr TSP ($0 kg ha") + MP (55 kg ha") 
i: Urea (45 kg ha") + TSP (80 kg ha") MP (55 kg ha") 
't': Rhizobluin (30 gin kg,"'seed) inoculant 
l. IThiw/,ium (30gm kg'' seed) Urea (45 kg ha") 
'l',: RhLo/>iwo (30 gin kg" seed) TSP (80 kg ha']) 
T,,: Rhitobizun (30 gui kg'

: 
 seed) 'I MI' (55 kg ha") 

T,2: Rhizobium (30gm kg" seed) urea (45 kg ha") + TSP (80 kg ha'') 
T: Rhco/num (30 gui kg" seed) -TSP ($0 kg ha') I NIP (55 kg ha") 
114: Rhi:ohiwn (30gm kg" seed) "- Urea (45 kg ha") TSP (80 kg ha") - MP (55 kg ha') 
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4.8 Number of pods per plant 

Number of pods per plant or mungbean varied significantly due to the different 

treatmeins (Appendix VIII). The maximum number of pods per plant (20.87) was 

recorded from T14  (Rhizobium + Urea: 45 kg ha" + TSP: 80 kg ha" MP: 55 kg ha") 

which was statistically similar (1960, 18.80. 18.67 and 18.47) with T3 (Rhiwbium + 

TSP: 80 kg ha"  ± MP: 55 kg ha"), Tia (Rhizobium + TSP: 80 kg ha"). 11.11 
(Rhizobium ± 

MP: 55 kg ha") and 112 (Rhizohinin + tirea: 45 kg ha" I TSP: 80 kg ha"), respectively. 

Again the minimum number of pods per plant (12.20) was recorded from T1  (control) 

which was closely followed (15.73) by T3 (TSP: 80 kg ha") (Figure 2). 

Among the different combination Rhizobium with recommendation closes of fertilizer 

was more elleetive 11w the vegetative and reproductive growth of mungbean with highest 

vegetative growth, the maximum number of pods per plant. This trend was similar or 

followed by the combination of Rhizobium and only any type of NPK krtilizer or their 

combination. On the oilier hand control treatment gave the lowest plant growth with 

minimum number of pods per plant. Different combination of NPK kriilizer lollowed 

this trend. Application of NPK fertilizer was more effective than the individual one with 

Rhizobiwn. This findings was supported by Saliniullab ci at (1987), Pael ciaL (1992), 

Werakonphanit ci at (1979), Dost c/ al. (2004), Raman and Venkalaramana (2006), 

Malik ci al. (2006), Nigamananda (2007), Nadeem ci at (2004), Rajender ci at (2003), 

flliattacharyya and Pal (2001), Sattar and Ahmed (1995), Khurana and lkionam (1993). 
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4.9 Pod length 

Pod length of rnungbean differed significantly due to the application of different 

treatments (Appendix VIII). The niaximuni pod length (8.71 cm) was recorded from 

114 (Rhizobiwn Urea: 45 kg hi' + TSP: 80 kg hi' + MP: 55 kg haj which was 

statistically similar (7.74 cm, 6.49 ciii, 6.37 cm) with TO (Rhizohium ± TSP: 80 kg ha 1  

MP: 55 kg hi'). T,0  (Rhizohiwn TSP: 80 kg hi'), 17  (Urea: 45 kg ha' !- TSP: 80 kg 

ha' ± MP: 55 kg ha'), respectively. On the other hand the minimum pod length (4.36 

cm) was recorded from T, (control) which was statistically similar with I (TSP: 80 kg 

hi'). l (MP: 55 kg ha') and T (TSP: 80 kg hi' + MP: 55 kg hi'). respectively (fable 

6). 

For above discussion it can be said that RIuzohiu,n with recommendation doses of 

fertilizer was more effective for the various growth parameter of mungbean for that this 

combination gave the highest pod length. This trend was similar or followed by the 

combination of Rhizohium and only any type of NPK lertilizer or their combination. On 

the other hand control gave mi ninium pod length. Different conthination of NPK 

fcrilizcr followed this tretid. Sole application of NPK fertilizer was more effective than 

the individual one with Rhizohiunz. his imdings was supported by Snlinitillah ci ci. 

(1997), Dost c/aL (2004). Duary etal. (2004), Bhattacharyya and Pal (2001), Shukla and 

Dixit (1996), Khurana and Poonani (1993), Sattar and Ahnied (1995). 

4.10 Number of seeds per Pod 

Number of seeds per pod of munghean varied significantly due to the different 

treatments (Appendix VIII). The maximum number of seeds per pod (8.53) was recorded 

from T11  (Rhizuhium (30 gm kg'1  seed) ± Urea: 45 kg had + TSP: 80 kg ha' I  MP: 55 kg 

ha1) which was statistically similar (8.20, 8.13, 2.07. 8.00 and 7.67) with !3 (Rhizobium 

± TSP: 80 kg ha' +  MP: 55 kg ha5.  17  (Urea: 45 kg ha 1  + TSP: 80 kg ha' F MP: 55 kg 
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ha"), T9  (Rhizobjum + Urea: 45 kg ha") and 1' (Urea: 45 kg ha" 1 TSP: 80 kg ha") and 

Ts (Rhizobiwn), respectively. Again the minimum number ol seeds per pod (5.87) was 

recorded from T (control) which was closely followed (6.67 and 6.73) by T3  (TSP: 80 

kg ha") and 14 (MP: 55 kg ha"), respectively (rablc 6). 

Among the combination of bio-fertilizcr with different closes of chemical Ièrtilizer, 

Rhizobiwn with recommendation doses of Ibrtilizer was more effective for the vegetative 

and reproductive growth of munghean. This trend was similar or followed by the 

combination of Rhizohium and only any type ol NPK fertilizer or their combination. On 

the other hand control treatment gave the minimum number of seeds per pod. Different 

combination of NPK fertilizer followed this trend. Application of NPK fertilizer was 

more effective than the individual one with I? hizohium. This flndings was supported by 

Salimultah ci cit (1987). Patel ci at (1 992). Raman and Venkataramana (2006), Malik ci 

at. (2006), Nigamananda (2007). Nadeem ci at. (2004). Rajcndcr ci at. (2003). 

13hattacharyya and Pal (2001), Khurana and Poonarn (1993). 

4.11 Weight of thousand seeds 

Weight of 1000 seeds of munghean varied significantly due to the different treatments 

(Appendix VIII). The highest weight of 1000 seeds (27.82 g) was recorded from T14  

(Riuzobiwn 1 Urea: 45 kg ha'' 'I- TSP: 80 kg ha" + MP: 55 kg ha") which was 

statistically similar (25.62 g, 24.86 g and 23,75 g) with TO  (Rhizobium i TSP: 80 kg ha'1  

± MP: 55 kg ha"). 't'2 (Rhizobiwn + Urea: 45 kg ha" i TSP: 80 kg ha") and T? (Urea: 

45 kg ha" I TSP: 80 kg ha" ± MP: 55 kg ha"), respectively and the lowest weight of 

1000 seeds (17.79 g) was recorded from T, (control) which was closely followed (16.80 

g) by T3 (TSP: 80 kg ha"), '2,  (Urea: 45 kg ha"), ''4O  F: 55 kg ha'5,T6  (TSP: 80 kg ha" 

+ MP: 55 kg ha"a) and l' (Rhizobium inoculunt), respectively (Table 6). 



For the above discussion it can be said that different combination Rhizobiwn with 

recommendation doses of fertilizer was more effective for the vcgetative growth of 

munghean for that this combination gave the maximum reproductive growth and well 

developed seed that leads to highe'st weight of 1000 seeds. This trend was similar or 

followed by the combination of Rhizobiwn and only any type of NPK fertilizer or their 

combination. Application of NPK fertilizer was more effective than the individual one 

with Riuzobiwn. This findings was supported by Salimullah ci cii. (1987), Dost ci al. 

(2004), Duary ci al. (2004), l3hattacharyya and Pal (2001). Shukla and Dixit (1996). 

Khurana and Poonani (1993), SatLar and Ahmcd (1995). 

4.12 Seed yield 

Significant variation was recorded [or seed yield of mungbean due to the different 

treatments (Appendix IX). The highest seed yield (1.40 t/ha) was recorded front 114 

(Rhizahium — Urea: 45 kg ha1  I TSP: 80 kg ha4  ± MP: 55 kg ha') which was 

statistically similar (1.21 i/ha, 1.19 tiha) with 113 (Rluzobiwn + TSP: 80 kg ha 1 1  MP: 55 

kg haj and 1•7 (Urea: 45 kg ha4  -F TSP: 80 kg ha4  ± MP: 55 kg hi'), while the lowest 

seed yield (0.59 I/ha) was recorded from T (control) which was closely followed (0.69 

t/ha) by 13 (TSP: 80 kg ha'), 12 (IJrca:45kg ha4) and 14 (Ml': 45 kg " I). respectively 

(Figure 3). 

Among the di tibrent combination Rluzobiiun with recommendation doses of ferlil ii.er  

was more effective for the vegetative groih of munghean for that this combination gave 

the maximum reproductive growth and well developed seed that leads to highest seed 

yield. This trend was similar or bllowed by the combination of Rhizohiwn and only any 

type of NPK fertilizer or their combination. 
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Sole application of NPK fertilizer was more effective than Lhe individual one with 

Rhizobium. This findings was supported by Sa!imullah ci at (1987). Patel ci at (1984). 

Werakonphanit eZ al, (1979), Dost c/ at. (2004), Duary ci at. (2004), Bhatlacharyya and 

Pal (2001), Shukla and Dixit (1996), Sattar and Ahmed (1995). Khurana and Poonam 

(1993). 

4.13 Stover yield 

Stayer yield of mungbean varied significantly due to the dillérent treatments (Appendix 

IX). The highest stover yield (3.47 1/ha) was recorded from T,4  (F(/nzobium - Urea: 45 

kg ha + TSP: 80 kg ha' + MP: 55 kg ha") which was statistically similar (3.36 tlha. 

3.31 1/ha and 3.30 i/ha) with TO  (Rhiwbium -I- TSP: 80 kg ha" -; MI': 55 IT  h&'). 'l'y 

(Urea: 45 kg hi' + TSP: 80 kg ha" + Ml-': 55 kg ha") and T1 2 (Rhizob/um + Urea: 45 kg 

ha' 1  1 TSP: 80 kg ha''), while the lowest stover yield (2.12 1/ha) was recorded from T, 

(control) which was closely followed (3.01 t'ha and 3,02 tIha) by 12 (Urea: 45 kg ha4) 

and 'l (TSP: 80 kg ha"). respectively (Figure 4). 

Among the different combination Rhizobiutn with recommendation doses of fertilizer 

was more effective for the vegetative growth of mungbean. With lughest vegetative 

growth ensured maximum stover yield. This trend was similar or followed by the 

combination 01 Rhizobuon and only any type of NPK fertilizer or their combination. On 

the other hand control gave the lowest plant growth with minimum stover yield. This 

findings was supported by Salimullah ci at (1987), l'atel ci a?. (1992). Nadeem ci at 

(2004), Rajender c/ al. (2003), 13hattaeharyya and Pal (2001), Khurana and Poonam 

(1993). 
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4.14 Biological yield 

Biological yield of mungbean under the present trial varied significantly due to the 

difltrcnt treatments (Appendix IX). The highest biological yield (4.87 tlha) was recorded 

from T,4  (Riuzohiurn -I Urea: 45 kg ha1  + TSP: 80 kg hi' + MP: 55 kg ha1) which was 

statistically similar (4.56 1./ha and 4.50 tha) with T 3  (Rhizohium -i TSP: 80 kg ha1  + 

NW: 55 kg hi') and 17  (Urea: 45 kg hi' + TSP: 80 kg ha1  + NW: 55 kg hi5.  while the 

lowest biological yield (2.71 t/ha) was recorded from T1  (control) which was closely 

followed (3.71 L/ha and 3.72 tlha) by 13  (TSP: 80 kg haj and 12 (Urea: 45 kg hi1). 

respectively (Table 7). 

Among the different combination J?hizobiwn with recommendation doses of fertilizer 

was more effective for the vegetative growth of niungbean. With highest vegetalive 

growth ensured maximum biological yield. This trend was similar or fbtlowed by the 

combination of Riuzobiwn and only any type oINPK fertilizer or their combination. On 

the other hand control gave the lowest plant growth with minimum biological yield. 

Diflèrent combination of NIK lertilizer followed this trend. Sole application of NPK 

fertilizer was more effective than the individual one with Rhfrobiwn. This findings was 

supported by Saliniullah ci al. (1987), Patel ci al. (1992). Werakonphanit ci at (1979), 

Patel ci at (1992). Dost ci al. (2004). Ratnan and Venkataramana (2006), Malik ci al. 

(2006). Nigamananda (2007), Nadeeni ci at (2004). Rajender ci at (2003). 

Bhattaeharyya and Pal (2001). Sattar and Ahmed (1995), Khurana and Poonam (1993). 

4.15 Harvest index 

Harvest index of munghean varied significantly due to the different treatments 

(Appendix IX). the highest harvest index (28.57%) was recorded from f 1 • (R/uzohiunz -I 

Urea: 45 kg ha1  + TSP: 80 kg ha1 	MP: 55 kg lii') which was statistically 
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Table 7. Effect of inoculation and fertilization on biological yield and harvest index 
of xnungbean 

Treatments [Biological yield (t/ha) Harvest Ind& (%) _ 
2.71 1 21.79 cd 

12 3.72c 19.05d 

3.71 c 18.59 d 

14  3.94de 21.19cd 

4.27 b-d 24.44 be 

16 4.06 de 22.12 cd 

17  4.50 a-c 26.38 at) 

4.12 cd 

4.19 b-d 

23.01 be 

1-9  23.77 be 

4.30 b-d 

4.32 b-d 

24.02 be 

Tit  24.46 be 

T12  4.31 b-d 23.29 be 

4.56 ab 

4.87 a 

26.42 ab 

114 28.57 a 

 1.143 
8.47 

0.124 
5.20  

In a column means havinn similar letter(s) are statistically similar at 0.05 lev1 of probability by 

DMRF 

Control (No fertilizer and Rhiwbiwn) 
12: Urea (45 kg Iia) 
T,: TSP (80 kg ha') 

MV (55 kg had) 
Urea (15 kg 

1•t)  + TSP (80 kg ha') 
i: TSP (80 kg haS ') MP (55 kg ha') 
T7: Urea (45 kg had) I TSP (80 kg had) + MV (55 kg ha') 

r: R/zi:obinm ijioculant 
1: Rhcobnun I Urea (45 kg haS ') 
T1 : Rhiwbium TSP (80 kg ha') 

Rhi:ohiwn MV (55 kg hzf') 
1: Rhizohiwn Urea (45 kg had) + iSP (80 kg ha') 

113: Rhizohium + TSP (80 kg ha') + MV (55 kg had) 

T1.1: Rhi:ohin,n 4 Circa (45 kg ha") I fl (80 kg ha') 1 MV (55 kg hzC3 ) 

52 



similar (26.42% and 26.38%) with To (Rizizobium I TSP: 80 kg had i MP: 55 kg hi') 

and 1 7  (Urea: 45 kg hi' I  TSP: 80 kg hi1  ± MP: 55 kg hi'), while the lowest harvest 

index (18.59%) was recorded from T3  (TSP: 80 kg hi) which was statistically similar 

(19.05%) to T2  (Urea: 45kg hi'), T, ii and T, respectively (fable 7). 

Among the different combination Rhizohium with recommendation (loses of fertilizer 

was more effective for the vegetative growth of mungbcan. With highest vegetative 

growth ensured highest harvest index. This trend was similar or followed by the 

combination of Rhizobiwn and only NPK fertilizer or their cornbination.Application of 

NPK fertilizer was more effective than the individual one with Rhizobium. This findings 

was supported by Wcrakonphanit c/ it (1979), Patel ci at (1992), L)ost ci al. (2004). 

Raman and Venkataranrnna (2006), Nadeem d at (2004), Rajender ci ci. (2003). 

Bhattacharyya and Pal (2001). Sattar and Ahuied (1995). Khurana and Poonam (1993). 



Chapter 5 

SUMMARY AND CONCLUSION 

Ihe experiment was conducted at the farm ol' Sher-e-Bangla Agricultural University. 

Dhaka, Bangladesh during the period from March to May 2007 to study the effect of 

inoculation and fertilization on the growth and yield of munghean. The variety BAR! 

mung 5 was used as the test crop. The treatments of the experiment were as T.: Control 

(No fertilizer and Rhizobiutn), 12: Urea (45 kg had),  Tj: TSP (80 kg ha), 11;: MP (55 kg 

h15, T: Urea (45 kg had) - TSP (80 kg haj, 16: TSP (80 kg hi') — MI' (55 kg ha5, 

f-: Urea (45 kg ha') ± TSP (80 kg ha') 1 MI' (55 kg hi'). 1$: R/uzobinm inoculant, T: 

Rhizobluin -i Urea (45 kg hi'), T,0: Rlilzobium + 1SP (80 kg hi5, l',: Rhizobiwn ± MP 

(55 kg h15, 1 I2 Rhizohuan ± Urea (45 kg ha') + TSP (80 kg ha), T13: Rinzobnun + 

TSP (80 kg ha1) + MP (55 kg ha') and 1' 4: Rhizobluin + Urea (45 kg ha1) TSP (80 kg 

ha') ± NIP (55 kg ha1). Experiment was laid out in Randomized Complete Block Design 

(ItCUD) with three replications. Data on different yield contributing characters and yield 

were recorded. 

Plant height and number of leaves per plant of inungbcan varied significantly for 

different treatment. At 20 DAS. the tallest plant (36.81 ciii) was recorded from 1 3  and 

the shortest (19.33 cm) was recorded from control treatment. Similar trend was observed 

at 30, 40 and 50 DAS respectively. At 20 DAS. (lie maxinlum number of leaves per plant 

(9.48) was recorded from 1,4 and the lowest (4.78) was recorded from 1,. The maximum 

number of leaves per plant (16.35) was recorded from •1,., and the niinimum (12.87) was 

recorded from ] at 30 DAS. At 40 DAS, the maximum number of leaves per plant 

(21.55) was recorded from lç., and the minimum (16.11) was recorded from T3. The 
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same trend was Ihllowed at 50 DAS. There was trend to increase leaves per plant with 

the advancement of days 

The maximum number of nodules per plant (22.60) was recorded from 11.1 and the 

minimum (13.20) was recorded from T1 . Maximum total dry mutter per plant was 

recorded from treatment T14  where bio-fertilizer and recommended chemical fertilizer 

used but clearly followed by bio-fertilizer without urea. Besides, only fertilizer 

application singly showed lower nodules per plant. 

here was trend to increase crop growth rate with the advancement of days and 

maximum from 40-50 DAS. There was no significant difference between treatments 114 

& 113 where rhizohium used in both treatments but in later urea was omitted. 

Yield attributes such as branches/plant, pods/plant. length of pod and seeds/pod was 

recorded maximum from the treatments comprise rhizobium with NPK or PK fertilizer 

combination. Similar trend was also found where rhizobium with only urea or TSP or 

TSP &MP combination. But single application of urea or TSP or M11  showed similar 

trend with no fertilizer which lowest yield attributes were found. Seed weight also 

showed similar behave but only TSP application produced lower seed weight but at per 

to control treatment. 

Seed yield showed maximum yield from bio-fertilizer & NPK combination which was 

clearly followed by bio-fertilizer with PK and NPK fertilizer combinations. Seed yield 

reflected by the treatment as per yield attributes. Stover yield also followed similar 

pattern as in seed yield. 

From the above discussion it is found that urea could he substituted by the rhizohium but 

P & K need to he applied for higher seed yield. 
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The following suggestion may be gives from the study: 

I. Growth and yield parameters of munghean influenced by different treatments 
specially rhizobium with PK fertilizer. 

Munghean could be grown with rhizobium (30 gmkg' seed) and 80 kg/ha TSP 
and 55 kg/ha MP for higher seed yield 

If inoculum or rhizobium is not available, for that reason IJrea (45kg/ha), TSP 
(80kg/ha) and MP (55kg/ha) per hectre may be used for higher yield of 
mungbean. 

A. Only rhizobium is not sufficient for higher seed yield, but 1'SI' and MP needs to 
be applied. 

Such study is needed in different agro-ecological zones (AEZ) of Bangladesh for 
refine and validation of technology. 

Cost benefit analysis should be done before recommendation. 
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APPENDICES 

Appendix I. Physical and chemical characteristics of initial soil (0-5 cm depth) 
before seed sowing 

Morphological characteristics of the experimental field 

Morphological_features - 	 Characteristics 
.AEZ 	Madhtipur Tract (28) 
General Soil Typc 	 Shallow red brown terrace soil 
L—and type 	High and  
Soil series 	 Teiilaon 

- Drainage 
_____ Cropping patçq 
	

Winter Vegetable -Summer Vegetable 

Physical and chemical properties of the initial soil 

[ 	- Characteristics Value Critical value 
ParLical 	size 
analysis 

- 
-- 

- Sand 27% 

Silt 
Clay 	- 

43% - 
- 
- 

30% 
Textural class silty-clay 

______pH 	- --- - Organic carbon - 
Total N 

5.6 acidic 
- 	- - 

0.03%  

0 .15% 

Available P 20.00 ppm  

-- - Exchangeable 0.10 tue/lOU g soil - 
Available S _______ 	- 	IPP1I1 	- 

- 
- 

Source: SkIN, 2007 

Appendix H. Monthly record of air temperature, rainfall, relative humidity, soil 
temperature and Sunshine of the experimental site during the period 
from March to May 2007 

Month Air temperature (°c) 
- ----------..-- -----------. 

Max i mum 	Mini mum 

31.4 	 19.6 

Relative 
humidity 
(%) 

54 

RaijithIl 	4 S1111shine 
(sum) 	 (1w) 
(total) 	 - 

II 	 8.2 March, 2007 

April, 2007 33.6 23.6 69 163 6.4 

May, 2007 34.7 25.9 185 7.8 

* Source: Ningladesh Metcorological Department (CliniaLe and weather division) Agargaon. DI2aka- 1212 
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Appendix III. Analysis of variance of the data on plant height of mungbean at 
different DAS as influenced by inoculation and fertilization 

Source of 	Degrees M ----  
variation 	of 	plant height (em)  

freedom 20 DAS 	30 DAS 	I 40 [MS 	
-- 

-- 	-- 
Replication 1 2 	2.517 	 0.589 	 20.432 	20.152 

ireatmetit 	13 	72.448** 	93979*1' 	215.406 1' 	343.914** 

Error 	I 	26 	10.099 	I 17.733 	27.454 	46.050 

*1': Significant al 0.01 level ofprobabilily 

Appendix IV Analysis of variance of the data on number of leaves per plant of 
mungbean as at different DAS influenced by inoculation and 
fertilization 

Source of 	Degrees 
variation 	of 	 Number ofleavesjier plant  

-- 	freedom 20 DAS 	30 DAS 	40 DAS -  50 DAS 

Replication 	2 	1.407 	 0.008 	 0.088 927 

Treatment 	I 	13 	6.265*1' 	2.097*1' 	4.5901'* 	 7.739 

Error 	 26 	1.390 	
J 

0.683 	 0.996 	 0.738 

": Significant at 0.01 level of probability 

Appendix V. Analysis of variance of the data on number of nodules per plant and 
total dry matter per plant of rnungbean as influenced by inoculation 
and ferl ilization 

Source of Degrees  
variation of Number of o!l dry matter per plant (g) at 

freedom nodule per plant 
_ 

20 DAS 30 DAS 40 DAS 50DAS 

Replication 2 7.549 0.397 24.166 163.391 547.136 

Ircatment 13 21.0721'1' 10.2401' 328.4831'1' 1533.701'1' 3007.281'1' 

Error 26 1.986 0.309 78.642 275.127 	1544.138 

1'': Significant at 0.01 level of probability 	

an' 
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Appendix 'Vt. Analysis of variance of the data on crop growth rate of inungbcan as 
influenced 1w inoculation and fertilization of mu ngl)can 

Source of - 	Degrees 	Mean square  
variation 	of 	 cpGrcnhRMe 5 

freedom I CUR (20-30 DAS) 	CGR(30-4ffDAS) 	I CC3R (40-50 DAS) 

Replication 	2 	0.291 	 0.859 	 1.211 

Ireatmen 
	

13 	I 2.684** 	 '1.65 
	 2.608t 

Error 
	

26 10.762 
	

0.846 
	

0.923 

$S: Sirtiilicant at 0.01 level of probability 

Appendix \'(I. Analysis of variance of the data on relative growth rate of niunghean 
as influenced by inoculation and fertilization 

Source of 	I  Dgrccs L - 	-- - 	\ lc1tii squic - 	 -i 
vtirialioii 	of 	 Relative 	 day') 

freedo'i ltCij20-30 DAS) 	Rclt(0-40 DAS) 	RGR (40-50 DAS) 

ltc1ihction 	2 	0.0003 	 0.0001 	 0.0001 

Treatment 	13 	0.001** 	 0.0001 

Error 	 26 	1 0.001 
	

0.0001 
	

0.0001 

**: Significant at 0.01 level of probability 

Appendix Vill. Analysis of variance of the data on yield contributing characters of 
mungbean as influenced by inoculation and fertilization 

Source of Deczrees Mean_square - 
variation of l3ranches Number of I'od length Seeds per 1000 seed 

freedom per plant pods per (cm) pod (No.) weight (g) 
(No.) plant  

Replication 7 0.639 0.127 1.338 0.035 4.202 

Treatment 13 3.084' 12.498** 4.254** I 597* 28.651 

Frror 26 0.458 3.699 1.807 1 0.234 5.380 

**: Significant at 0.01 level of probability 

0.0001 
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Appendix IX. Analysis of variance of the data on yield of mungbean as influenced by 
inoculatioti and fertilization Effect of inoculation and fertilization on 
yield of rnungbcan 

Soniceof 	Dgices - 	 - 	Mean  
variaUon 	of 	Seed yield 	Stoveryield 	Biological 	I Ian'est Index 

frccdonl .  (Ulia) 	 (tJha) 	- yield (Uha) 	(%) 

Replication 	2 	0.002 	0.003 	0.008 	0.297 

Treatment 	13 	0.144** 	0.305** 	0.781 	22.793** 

Error 	26 	0.019 	0.010 	0.046 	3.917 

': Significant at 0.01 level of probability 
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